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Qingbo Tian*, Deyu Kong and Tongguang Zhai 
Preparation and microstructure of machinable 
Al203/mica composite by ball milling and 
hot-press sintering 
Abstract: A machinable o:-A1203/mica composite was 
prepared by hot-press sintering. In this experiment, a 
mica-contained glass ceramic in the MgO-Al203-Si02-F 
glassy system was employed and the base glass powders 
were obtained by traditional melting-quenched method. 
Then, a-Al203 milling swarf was introduced by medium 
a-alumina milling ball to the glass powders. The test
results indicate that the composites consist of mica crys­
tal and mullite crystal, which are precipitated in the base
glass. The a-Al203 shows an irregular polygon, which is
inlayed in the base material. With the decrease of size
of the base glass powders, the boundaries of composites
among the sintered powders gradually vanish. The mica
crystals in the composite also show an interlocking char­
acteristic, which is a prerequisite of mica-contained glass
ceramics with good machinability. Under different pres­
sures, the tendency of preferred orientation is decreased
with the reduction in grain size of glass powders, and the
microstructure is proved to be consistent, significantly
decreasing the composite's hardness. Therefore, the
machinability of the composite is improved.
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1 Introduction 
Sintering is a processing method in which powders are 
heated to form a solid mass of material, and is widely 
used in ceramic, glass ceramics, fire-resistant materials, 
and composites (1-3]. The sintering of glass ceramics, first 
presented by Frenkel [4], has the advantage of obtaining 
higher crystal contents in a shorter time and at lower tem­
perature compared with the traditional method of glass 
ceramic production. Some proper compositions can be 
added via the sintering method to control and adjust the 
performance of composites. 
In a glass ceramics system, mica-contained glass 
ceramic in the Mg0-Al203-Si02F glassy system has gained
increasing attention owing to its good machinablity [5-11]. 
However, most studies have focused on which strength 
is improved for the mica-contained glassy system [5-9], 
because the mica crystal has the flake structure that 
tends to decrease the strength of the glass ceramic. The 
addition of a second rigid and the formation of compos­
ites are known to improve the mechanical properties of 
a material by several mechanisms, and these have also 
been utilized in the production of mica-contained glass 
ceramics in recent years. Cordierite/mica compositions 
were obtained at low temperatures by adding mica-com­
position glass powders to the conventional magnesia, 
alumina and silica powders, which are the raw materials 
of the formed cordierite [11]. Their results indicated that 
the addition of the mica-composition glass proved to be 
very effective in the formation and sintering of materi­
als. In addition, the resulting material showed relatively 
high bending strength and higher Vickers hardness than 
those of mica-contained glass ceramics. Yekta et al. [10] 
reported that when PbO and P205 are added to the base 
glass, mica crystal changed from plate shape to globular 
shape to improve the material's performance. Alizadeh 
et al. [6] added the diopside-based glass to the mica-based 
glass ceramic, which changed the mica morphology from 
spherical to a plate-like shape. Mechanical strength and 
microhardness of glass-ceramics have also been increased 
with the complex of diopside due to the formation and 
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Figure 4: SEM micrographs of sample with average grain size of 100 �Lm. 
(A) Parallel to the press axis and (B) perpendicular to the press axis.
SEM images of glass powder sintered with the average 
grain size of 100 µ.m are shown in Figure 4. According to 
the images, the precipitation of coarse flake crystal shows 
a certain preferred orientation in the different pressure 
orientation. There are obvious boundaries among glass 
powders. In the parallel and vertical pressure orientation, 
the hardness values of the samples are 4.16 GPa and 4.06 
GPa, respectively, suggesting that there is a certain preferred 
orientation. Therefore, the grain sizes of glass powders 
have a great effect on the sintered forrn and microstruc­
ture of the precipitation crystal. With the decreased grain 
size of the glass powder, the increase of surface energy can 
accelerate the precipitation of glass. The boundaries of 
glass powders vanish and the microstructure tends to be 
consistent, which is the result of decreasing hardness and 
improving the machinability of the composites. 
4 Conclusions 
In the Mg0-Al203-Si0iF glass systern studied, a-Al203 was 
introduced into the glass powders by milling ball, and an 
Al203/mica glass-ceramic composite was obtained by hot­
press sintering. The samples consisted of a-Al203 crystal 
introduced by the medium a-alumina balls, mica crystal, 
and little mullite crystal precipitated in the glass powders. 
The a-Al203 showed an un-regular polygon, being inlayed 
in base materials, and the flake mica crystal was precipi­
tated homogeneously in the glass matrix. The decreased 
grain size of the sintered glass powders can accelerate the 
precipitation of glass crystal and induces the formation 
of the homogeneous and uniform microstructures, which 
decrease the tendency of preferred orientation of the pre­
cipitated crystals. 
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